Control analysis of muscle glycogen metabolism.
A minimal model of glycogen metabolism in muscle tissue is analyzed in accordance with metabolic control analysis. The model contains two branch points. Rather than contributing to complexity of the analysis, this branching allows expression of the control coefficients in a simplified form. Glucose 6-phosphate is the metabolite at the first branch point, and the analysis is simplified further by the fact that glucose 6-phosphate is the substrate for enzymes which catalyze near-equilibrium reactions. Control of the concentration of glucose 6-phosphate is of interest because of its pivotal location in the metabolic system, but also because it interacts with an allosteric site on glycogen synthase to stimulate glycogen synthase activity. It is shown that the control which the transporter and enzymes involved in glycogen synthesis exert on glycolytic flux is proportional to the control which these components exert on glucose 6-phosphate concentration. Thus, glycolysis plays a major role in control of glucose 6-phosphate concentration. It is concluded that control of glycogen synthesis is not a rigid parameter of any component of this metabolic system. Rather the distribution of control is flexible and shifts from one portion of the system to another in response to shifts in the physiological state. An important element in determining the distribution of control of glycogen synthesis is the change in the sensitivity of the allosteric site of glycogen synthase to glucose 6-phosphate which is brought about by conversion of glycogen synthase to the dephosphorylated, glucose 6-phosphate-independent, state.